Information on ichthyoplankton is an important tool in determining reproduction periods that -if associated to environmental variables -allows for inferences about the factors that regulate their intensity, beginning, and ending. In this context, this study aims to establish (i) ichthyoplankton composition; (ii) temporal variations in the overall density of eggs and larvae and among the most important taxa; and (iii) the influence of some abiotic and biotic variables on these organisms' abundance. Ichthyoplankton sampling was undertaken during the period between April 2005 and March 2006 at the Ivinhema River, upper Paraná River basin (MS/Brazil). Differences in the ichthyoplankton's temporal variation were evaluated using unifactorial ANOVAs. Principal Component Analysis and Pearson's correlation were used for the relationships between eggs and larvae densities and environmental variables. A total of 3,341 eggs and 2,896 larvae were captured during the period studied, and most of them were medium-sized and large species that carried out some type of reproductive migration. The highest densities of eggs and larvae occurred during the months of spring and summer, except for those of Bryconamericus stramineus, which was most abundant during the winter. The density of ichthyoplankton was most positively correlated with the water's outflow and temperature. However, Plagioscion squamosissimus was positively related to the increase in pH and in zooplanktonic organisms, while B. stramineus was inversely correlated with water outflow and temperature. The study concludes that spawning is most intense in the spring and summer, especially between November and January, and is related to the greatest values of water temperature and outflow. Nevertheless, the response and reproductive intensity in relation to the environmental variables vary according to the species.
Introduction
The period of reproduction for most freshwater fish species is seasonal and related to favorable conditions that maximize fecundation and offspring development (Agostinho et al., 2004) . Many species carry out migrations during the reproductive period and seek appropriate areas to release their gametes and allow them to be fertilized. Fertilized eggs are then carried away by the current to areas that favor their development (Vazzoler, 1996) . However, the reproductive period and amplitude of the fish community varies between different drainage basins and is largely dependent on local environmental variables (Humphries et al., 1999; Winemiller, 2004) .
Studies carried out at the Prata basin have shown that, in general, fish's reproduction occurs from October to March Bialetzki et al., 2005; ReynalteTataje et al., 2008; Tondato et al., 2010) and the main environmental variables responsible for the ichthyoplanktonic community's distribution are: photoperiod (Vazzoler et al., 1997) , temperature (Oldani, 1990; , outflow and/or increase in water volume (Quiroz & Cutch, 1989; Agostinho et al., 2004) , and increases in food availability (Bonetto et al., 1969) . Despite this, the real importance of each of these variables for reproduction is still not totally clear.
Knowledge of ichthyoplankton's temporal distribution throughout one annual cycle can be a valuable tool to establish fishing management actions, such as the defeso period (a closed season when fishing a given species is prohibited because of reproduction) (Stanford et al., 1996; King et al., 2003) , helping to protect vulnerable and threatened species . Some studies carried out in the Ivinhema River suggest that this is one of the main environments for fish reproduction in the upper Paraná River floodplain Nakatani et al., 1997; Sanches et al., 2006) ; however, studies that confirm reproductive activity in the region and that help to understand the region's annual reproduction variability are still scarce. Thus, this study sought to contribute to the knowledge of the reproductive process of the Ivinhema River's fish and aimed to evaluate (i) ichthyoplankton composition; (ii) the temporal variation of eggs, larvae, and the most important taxa found in the ichthyoplankton; and (iii) the influence of environmental variables (biotic and abiotic) on these organisms' abundance throughout one annual cycle.
Material and Methods

Study area
The Ivinhema River is located on the right bank of the Paraná River (Mato Grosso do Sul State, Brazil). It stretches over approximately 230 km, but the upper and middle sections run in the north-south direction, while the inferior portion runs parallel to the Paraná River (northeast-southwest direction) until it converges with this river. The region of the Ivinhema River is one of the few remaining segments with lotic characteristics in the upper Paraná River's floodplain, as the rest of the basin is under strong influence of damming. Preliminary studies have demonstrated that rheophilic species are using these environments as nursery areas and reproduction sites Baumgartner et al., 2004; Gogola et al., 2010) probably due to the river's characteristics, such as its still natural hydrodinamics, and the fact that it is located in a protected area where there is still marginal vegetation and many floodplains (Souza Filho & Stevaux, 1997) .
The studied area (Fig. 1) is located in the lower portion of Ivinhema River (22º47'59"S 53º32'21"W) and is characterized by an average speed of 0.85 m/s and by the transportation of a large amount of sediments (Souza Filho & Stevaux, 1997) .
Sampling
Samplings were carried out between April 2005 and March 2006 during the night at 4-h intervals (20:00, 24:00, and 04:00 h). At each time, triplicate samples were collected using three conical-cylindrical plankton nets (0.5 mm mesh) tied to a cable stretched between the margins of the river, so that each net could be placed in each margin and in the middle of the river. Fig. 1 . Location of the sampling station.
The equipments were used in the water during 15 min and a flow meter was fixed to the mouth of each net to determine the volume of water filtered. Samples were fixed in a buffered 4% formalin solution. In the laboratory samples were sorted and the larvae were separated from the rest of the material.
Larvae were identified to the lowest taxonomic level possible, according to Nakatani et al. (2001) . Only the larvae identified at least to the genus level were considered in the analysis.
Zooplankton was collected, simultaneously to the ichthyoplankton samplings, using a plankton net with a 70 m mesh, through which 200 L of water from the subsurface was filtered. The material collected was fixed in diluted to 4% formaldehyde buffered with calcium carbonate. In the laboratory the zooplanktonic organisms were removed and quantified, and the results were presented as organisms/m 3 . Some of the water's physical and chemical variables were also measured simultaneously to the plankton collections, such as temperature (ºC), dissolved oxygen (mg/l), pH, and electrical conductivity (S/cm). Water transparency data was recorded during daytime. Values of precipitation and outflow, however, were provided by Itaipu Binacional as obtained from the Ivinhema hydrometeorological station.
Data analysis
In order to identify most abundant species, the following values were used during the period studied: average density, the samples' taxa occurrence frequency, and the biological value index (BVI). According to Sanders (1960) , the BVI works by balancing two important numerical attributes related to species composition in a given community: abundance and spatial-temporal constancy, which avoids ordering species based on specific data that is dominant but not very representative.
The unifactorial analysis of variance (ANOVA one-way) was applied to evaluate differences between the monthly abundance averages (log 10 x+1; dependent variable) of eggs and larvae; the independent factor were the months of the year. The protected ANOVA protocol was applied to evaluate the temporal variation of the ten most abundant taxa using the BVI (Hicks, 1993) . In this protocol, a multivariate analysis of variance (MANOVA) is applied initially; if there is significance, unifactorial ANOVA's are applied for all of the species. This approach is recommended because random differences can be found (type I error) when several tests are used. When the ANOVA's results were significant, Tukey's test was applied a posteriori to evaluate differences between the months.
Pearson correlations were used to evaluate the influence of environmental variables (biotic and abiotic) with egg and larva abundance for the main taxa. Earlier, a principal components analysis (PCA) was applied with the aim of reducing environmental variables' dimensionality. All of the variables (except pH) were previously log-transformed (log 10 x+1) to linearize the inter-variable relationships (Peters, 1986) . Only the axes with eingevalues higher than the randomly generated values were retained for interpretation (Broken-Stick criterion; Jackson, 1993) . Abiotic factors with eigenvectors (correlations) larger than 0.40 were considered biologically important (Hair et al., 1984) .
Results
Ichthyoplankton taxonomic composition
A total of 3,341 eggs and 2,896 larvae were captured during the period studied. From all of the larvae captured, 53.6% belonged to order Siluriformes and 38.2% to order Characiformes. Larvae from orders Gymnotiformes and Perciformes and unidentified specimens added up to 8.2% of the total. Three groups were identified to the genus level and 22 to a specific level, distributed into 15 families. Among the families identified, those with the greatest number of taxa were the Pimelodidae (7) and the Characidae (3). The remaining families had only one of two taxa each. The species with the greatest temporal amplitude were Plagioscion squamosissimus and Auchenipterus osteomystax (occurred in seven months each), followed by Bryconamericus stramineus (five months). Only these three species were found in Ivinhema River during the autumn and winter (Table 1) .
The three measurements used to evaluate the most representative taxa of Ivinhema River had different results. According the average density, the two main species were Prochilodus lineatus and Cetopsis gobioides, while the most frequent were Pseudoplatystoma corruscans and B. stramineus. Conversely, the second BVI showed that the species with the most constant abundance over time were P. squamosissimus and A. osteomystax (Table 1) .
Seasonally variation of eggs and larvae and of the main taxa
The ANOVA showed differences in the temporal distribution of eggs (F = 6.17; p<0.05) and larvae (F = 18.58; p<0.05). In general, the eggs were captured between the months of October and February and in August, and the highest densities were recorded between October and December (Tukey; P<0.05) ( Fig. 2A ). Larvae were present in all of the months, yet the highest densities were found between November and January (Tukey; P<0.05) (Fig. 2B) .
The average densities of the most important taxa of the Ivinhema River are presented in Fig. 3 . The multivariate analysis of variance (MANOVA) applied to these densities (with the month as the factor) was significant (Wilks' W test: months = 5.68; P<0.001), indicating the appropriateness of the ANOVA's for each taxon separately.
The analysis of variance was significant for six of the ten species evaluated (according to the BVI) ( Table 2 ). For B. stramineus (ANOVA: df = 11; F = 10.482; p = 0.000; Table 2), the greatest densities of larva were obtained during the month of August (Tukey; P<0.05); this was the only species which highest densities were outside of the spring-summer months. Conversely, the larva densities of P. lineatus (ANOVA: df = 11; F = 8.342; p = 0.000; Table 2 ) and C. gobioides (ANOVA: df = 11; F = 4.321; p = 0.000; Table 2 ) were significantly higher in December (Tukey; P<0.05); the larva densities of Rhaphiodon vulpinus (ANOVA: df = 11; F = 11.941; p = 0.000; Table 2 ) were higher in November and December (Tukey; P<0.05); of P. corruscans (ANOVA: df = 11; F = 2.954; p = 0.002; Table 2) in January (Tukey; P<0.05); and of Sorubim lima (ANOVA: df = 11; F = 3.138; p = 0.001; Table 2) in November (Tukey; P<0.05).
Influence of the environmental variables on the most important taxa's eggs and larvae
The environmental variables showed a clear seasonal variation. The greatest values of water temperature and outflow were recorded between October and March ( Fig. 4A  and 4B ). High concentrations of dissolved oxygen were verified between the months of May and July, while low concentrations were found in November and December (Fig. 4B) .
The highest values of pH were for May and July and the highest conductivity was recorded in February (Fig. 4C ). Precipitation oscillated a lot throughout the year (Fig. 4A) . The highest densities of zooplanktonic organisms occurred during the month of May, and high densities also occurred in April, June, August, and December (Fig. 4D) .
The PCA revealed that only axis 1 and 2 presented eingevalues that were higher than those generated randomly and were retained for interpretation. Together these two axes explained 54.78% of data variability. The first axis (PC1) had an eingevalue of 3.29 and explained 36.58% of the variability. In this axis, the variables that had the most positive contribution were dissolved oxygen and water transparency, while water outflow and temperature contributed negatively. The second axis (PC2) had an eingevalue of 1.64 and explained 18.20% of data variability. The pH and the zooplanktonic organisms were the variables that had the most positive contribution for PC2 (Table 3) .
Egg and larva density was positively correlated to increases in water temperature and outflow and negatively correlated with water transparency. Egg density was also inversely correlated to the increase in dissolved oxygen and pH. Table 4 presents the correlation between the environmental variables considered important by the PCA and the density of the most abundant taxa of the period.
Discussion
The larval assemblage found in the Ivinhema River mainly comprised medium and large Siluriformes and Characiformes. The high diversity of species of these two orders in neotropical environments has been observed by several authors (Lowe-McConnell, 1987; Agostinho et al., 1997) . Of the 22 species identified (a little over 91 of the total species that occur in the Ivinhema River sub-basin; Agostinho et al., 1997) , eight are considered migratory, i.e., they are total spawners, with short reproductive periods, small eggs, and absence of parental care, besides that they move great distances during the reproductive period (Agostinho et al., 2004; Suzuki et al., 2005) . This information indicates the presence of reproductive activity of migratory fish and emphasize the importance of this river on the maintenance of fisheries stocks, as well as on the necessity of adopting management actions to preserve this tributary.
The species with the highest average density of larvae in the Ivinhema River, P. lineatus and C. gobioides, were coincidently highly abundant during a single month (December). This indicates that one factor must promote massive spawning for these two species -involving a great number of individuals in a short period of time. Conversely, occurrence frequency privileged species that were constant throughout the samplings, P. corruscans and B. stramineus. Despite their frequency, their abundance was lower than that of P. lineatus and C. gobioides, which suggests that their occurrence in the samples was generally low, regardless of constancy. The spawning of small groups of a certain species at different moments may enlarge the possibility that some larvae or juveniles find adequate environmental conditions to grow, and may also reduce intrinsic resource competition between individuals of the same species.
The BVI valued the species that were most constant in time. One species' spawning during most of the year indicates great reproductive flexibility and reduced influence of environmental variables on the reproductive strategy. Thus, P. squamosissimus and A. osteomystax had the longest reproductive period. Their larvae were captured in more than half of the year, but A. osteomystax was found in the months of spring and summer and also in autumn, while P. squamosissimus was found in spring, autumn, and winter. The absence of this species' larvae in the summer is surprising, as this species greatest reproductive activity occurs during this season and this event is associated to higher water temperatures . We hypothesize that the December flood negatively influenced this species' reproduction, as a study carried out during four reproductive periods in several environments of the Ivinhema River sub-basin showed a negative correlation between the presence of ichthyoplanktonic organisms and outflow (Reynalte-Tataje et al., unpublished data). In general, the BVI and the frequency of occurrence favored species which were more constant temporally, such as the opportunistic species with batch spawning; on the other hand, the average was an index which favored the presence of migratory species which are seasonal and with total spawning and a high number of eggs and larvae in a short period of time.
Despite P. lineatus and P. corruscans being migratory species and total spawners, both distinguished themselves in relation to the distribution of the abundance of larvae during the period studied, which suggests that they have distinct reproductive strategies and respond differently to changes in environmental variables. Prochilodus lineatus responded in a specific and intense manner to the environmental stimuli present in the month of December (probably due to the flood that occurred during that month), while P. corruscans had more reproductive flexibility in relation to these stimuli (and its larvae were found between the months of November and February).
Several studies carried out in the Prata basin have shown that the drift of ichthyoplanktonic organisms is highly seasonal, with the greatest densities in the spring and summer (Oldani, 1990; Bialetzki et al., 2005; . The greatest reproductive activity of the upper Paraná River floodplain's fish in the months of spring has been reported by Vazzoler (1996) , who also indicates the period of NovemberFebruary as that of the highest reproductive intensity.
Despite the similar number of eggs and larvae, these organisms have different distributions. Thus, while the larvae were found throughout the year, eggs were only observed between August and March. The absence of eggs during the samplings carried out in the autumn and in part of the winter may be related mainly to the inefficiency of the sampling method used to capture pelagic (found in the lentic region of the Ivinhema River sub-basin) and marginal eggs, as the equipment installed in the river collects mainly eggs that develop in lotic environments. In this study, only A. osteomystax and P. squamosissimus larvae were found during this period. The first species' spawning occurs in the marginal region, where the adhesive eggs (personal observation) become unavailable for the sampling equipment. The latter's spawning happens in the lentic environments found in the floodplain (Bialetzki et al., 2004) . The environmental variables may indirectly affect the fish community by influencing physiological and behavioral responses, and directly by influencing species' distribution and abundance patterns (Vazzoler et al., 1997; . Variables such as photoperiod, the river's hydrodynamics and water temperature are essential to fish occurrence, density, and growth in their first life stages (Vlaming, 1972; Humphries et al., 1999) . In the environment studied, egg and larval abundance was markedly seasonal, and matched the highest values of water outflow and temperature and the lowest values of dissolved oxygen, pH, and transparency. In general, the highest abundances of eggs and larvae at the Ivinhema River were observed during the rising waters and flood when temperature and water level were highest, and DO, pH and transparency were lowest. Similar results were obtained to other environments at the upper Paraná River Baumgartner et al., 2008; Fernandes et al., 2009) . During this period, the highest larval densities of migratory species such as Sorubim lima, Pseudoplatystoma corruscans, Prochilodus lineatus, and Rhapiodum vulpinus were found.
In the Prata basin there are drainage basins such as those of the Paraná in which floods coincide with high temperatures (Oldani, 1990; Vazzoler et al., 997) ; however, there are also regions such as the upper Uruguay River in which the floods happen when the water's temperature is still low . Table 2 . Unifactorial ANOVA applied to the fish larva density of the ten most important taxa of the Ivinhema River (Mato Grosso do Sul State, Brazil), considering the month as the factor. Values in bold type indicate differences.
In the first case, adult fish spawning and larva development could benefit from the floods' effects, which promote an increase in the planktonic and benthic communities due to the insertion of nutrients (Arumugam & Geddes, 1987) and the increase in space, and make more microhabitats available for growth and protection. Nevertheless, because the three main variables that regulate fish's life cycle (photoperiod, floods, and water temperature) (Vlaming, 1972; Ward & Stanford, 1989; Munro, 1990) show a trend during the peak of reproductive activity in the Ivinhema River, it is hard to distinguish which is the chief reproduction variable for most species of the region. There is a perception that for neotropical species variations in water level and outflow synchronize biological events such as gonad maturation, migration, and spawning (Harris & Gehrke, 1994; Humphries et al., 1999) . For some researchers, however, spawning is independent from increases in flow. Nonetheless, the benefits of flooding for reproductive success would be indirect due to the advantages that larvae and juveniles would have with the introduction of nutrients and the increase in the number of refuges (Humphries et al., 1999) . In fish farms, the gonads of several native species of the Prata basin mature during the spring and summer, regardless of changes in outflow and water level in their area of cultivation ; however, few species are able to find stimuli to spawn in confined environments. In the natural environment, Vazzoler et al. (1997) verified a positive correlation between reproductive intensity and photoperiod and water temperature, and no monotonic correlation was found with water level. (Hair et al., 1984) .
Nevertheless, despite the general trends that exist for fish communities, the differences in reproductive strategies found inside the same community allow the populations to respond differently to environmental variables from region to region. When the larva abundance of the ten main species is correlated with the environmental variables, it is verified that C. gobioides and P. lineatus present greater abundance with the increase in water outflow. The presence of eggs and larvae of C. gobioides in areas under the influence of strong currents during the period of high outflow was observed by ReynalteTataje & Zaniboni-Filho (2008) in the upper Uruguay River, where this species spawns in the river groove, especially in the months of spring. The greatest reproductive activity of P. lineatus when the values of outflow and water level increase has been recorded by several authors (Agostinho & Zalewski, 1995; Agostinho et al., 2004) , who consider that during the great floods the detritivore species benefit from the expansion in water that allows the vegetation to inundate and brings in a considerable amount of organic matter.
Brycomericus stramineus and P. squamosissimus had the greatest number of larvae in other environmental conditions. The larvae of B. stramineus were especially abundant in the month of August, when outflow was reduced and temperature was low. The increase in the number of B. stramineus larvae in these conditions was also observed by Bialetzki et al. (2005) in another environment of the upper Paraná River floodplain. Conversely, in the upper Uruguay River, this species' larvae have been found mainly in the months of summer, which match the region's dry period . The larvae of P. squamosissimus, on the other hand, were more abundant in conditions of high pH and outflow, and more zooplanktonic organisms. The relationship between these larvae and the pH was verified by Baumgartner et al. (1997) , who observed a direct correlation between this species' abundance and the pH; they discuss that although the mechanism of the pH that affects the reproductive process is unknown, this variable must somehow act upon this species and induce spawning. Conversely, its high correlation with the zooplanktonic organisms and Ivinhema River's outflow is related to flooding in the plain. In this period the organisms present and abundant in the lagoons, such P. squamosissimus and the zooplankton enter the river and increase the channel's population while diluting it in the lentic environments.
Finally, as mentioned previously, the increase in abundance of the zooplanktonic organisms in the Ivinhema River throughout the periods of great outflow is probably also a result of the similarity between the different environments during flooding; however, this increase may also be a consequence of the availability of nutrients in the river's groove (Thomaz et al., 2007) . Studies carried out in other basins have recorded planktonic and benthic organism blooms in the river groove shortly after the peak of the flood (Humphries et al., 1999) . The importance of these organisms for the growth of fish larvae has been recognized by several authors (Cushing, 1990; Rossi, 2001) , and has even been considered a reproductive trigger for some species of fish (Limburg et al., 1999) .
According to the match-mismatch hypothesis, the highest survival rates during the first stages of the life cycle occur when the first larval feeding period happens when there is adequate food available in the environment (Cushing, 1990) . No significant correlation was found between the densities of the zooplanktonic and ichthyoplanktonic organisms during the year studied; however, during the reproductive period (spring-summer) the peak of the zooplanktonic organisms in the environment (December) coincided with the peak in larva density.
This study allows us to conclude that the Ivinhema River is an important reproduction area for the fish of the upper Paraná River floodplain, including several migratory species. During the year studied, most species' reproductive period was well defined -occurring between the months of October and February -and coincided with the highest photoperiod values. Nevertheless, it was verified that the response of the reproductive intensity to the environmental variables varies from species to species. 
